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1. INTRODUCTION
Purpose
This structural acceptance criteria contains the requirements for the structural analysis and design of the Remote Handling Building (RHB) in the Tritium Extraction Facility (TEF). The purpose of this acceptance criteria is to identi~the specific criteria and methods that will ensure a structurally robust building that will safely perform its intended function and comply with the applicable Department of Energy (DOE) structural requirements.
Scope
These criteria apply to the design of the Remote Handling Building (RHB) in the TEF complex for operating and natural phenomena hazard loads. In addition to quali@ing the building structure for appropriate performance categorj, interaction effects from adjacent buildings or structures of lower PC levels, if any, shall be mitigated.
Natural Phenomena Hazard (NPH) loads include:
q straight wind and hurricanes; q tornado wind loads and atmospheric pressure drop; . tornado generated missiles; . seismic; including hydrodynamic effects, soil structure interaction (SS1) effects, and structure-soil-structure interaction effects; . seismically induced geological settlement of the building foundation; and q flood. DOE Order 420.1 and its associated DOE Standards are implemented at Savannah River Site (SRS) through the site Engineering Standard 01060 (SRS 01060) [4] , Criteria, requirements and procedures given in this document, broadly follow SRS 01060 except as noted herein. The load combinations fi-om SRS 01060 are reduced to ,applicable controlling load combinations for the RHB. In case of conflict between SRS standards and these criteria, guidelines in these criteria shall govern.
Structural analyses will determine demands acting on the structure k terms of forces and deformations. The capacity of the structure will be determined using the applicable codes allowed k this criteria statement. ln all cases the demand at a section will be less than or equal to the capacity of that section. Non-1inear analysk may be used to redistribute demand provided that serviceability conditions, including limits on deflections, are met. 
Building Description
The Remote Handling Building (RHB) is a box shaped structure, with plan dimension of approximately215 ft by 83 ft., as shown in Figure 1 . The building is approximately 86 R tall of which about 30-ft is embedded in the soil, as shown in Figure 2 . The walls, foundation and roof are of reinforced concrete, and form a protective barrier for equipment against any external hazards fi-om seismic, wind, tornado and floods. At its east end, the RHB has an above grade steel frame truck bay.
A lighter reinforced concrete processing building k located adjacent to north end of the RHB and is founded on the surface. A chiller building, nitrogen tanks and stack are also located around the Ml13.
Performance Category
The Performance Category (PC) of the structure is specified in System Design Description (SDD) [14] .
Concrete Structure
The SDD specifies that all exterior and interior structural walls, load bearing structures, building foundations, and interior structures and walls providing radiation shielding shall be designed as PC-3 structures. All building systems, structures and components (S SC) that are not part of the primary load path, nor designated as PC-3, shall be designed as PC-2.
The failure of a PC-2 SSC shall not cause failure of the PC-3 structure.
Since the vast majority of poured-in-place reinforced-concrete elements in the RHB are PC-3, all of these components will be designed as PC-3.
Steel Structure
The SDD specifies the truck bay enclosure and the associated crane support structure as PC-2. If designed as a PC-2 structure, the truck bay enclosure, which supports a 125-ton crane, may not be able to withstand PC3 tornado loads, PC3 tornado generated missiles, or PC-3 earthquake forces. Then, the PC-3 floor, the removable hatches above the Cask Decon Area and the casks themselves would have to be designed for collapse of the truck bay along with a 125-ton crane drop.
Alternately, the primary structural members (i.e. the members that comprise the primary load path for all loads) and crane support beams could be designed to PC-3 loading, while the secondary members (i.e. purlins and girts) and the cladding could be designed to PC-2 loading. Then, the primary structure would be able to withstand PC3 tornado and PC-3 earthquake forces, while the floor above the cask decon area, and most importantly the casks themselves would not have to be designed to maintain structural integrity for collapse of the truck bay and the impact fi-om a 125 ton crane drop.
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The second approach is adopted in this criteria. Thus, the primary building frames, lateral wind bracing and the crane support structures shall be designed to resist PC-3 loads, while the secondary members and cladding will be designed to resist PC-2 loads. The PC-3 members shall be designed such that:
+ The PC-3 members shall be designed for the forces delivered to the system assuming that the PC-2 members do not fail. + Credit shall not be taken for the lateral support of PC-3 members by PC-2 members. I 
Collateral Load
A 50 psf collateral load for suspended piping, conduits, l-lYAC equipment, ceilings etc., k included as a dead load. One half of this collateral load (25 psf) shall be considered to act conc~ently with seismic loads. 1
Major Stationary Equipment
The weQht of major stationary equipment was developed in Reference 13. The maximum equipment load of 900 psf, distributed over the equipmemt footprint, is due to a loaded transporter docked at the way station. A uniform floor dead load of 1000 psf is used to bound this distributed load as shown in Table 1 .
The dead loads in Table 1 bound the actual equipment weights. The equipment weights in Reference 13 combined with an additional 25 psf floor dead load shall be considered to act concurrently with seismic loads. 
Live Load(L)
Live loads for the RHB are defined in this section as the summation of the floor live load, mobile equipment loads, and an external crane access load.
Floor Live Load
Conservative uniform live loads are given in this section to bound personnel, partition and mobile equipment loads. Live loads for different rooms are tabulated in Table 3 . Concentrated live loads due to cranes, casks, shields and the delivery vehicle, in Table 6 , are applied in addition to the distributed live load.
The truck bay floor and hatches shall be designed for (1) the concentrated cask and transport vehicle loads in Table 3 with a 100 psf live load; and (2) the 1000 psf live load in Table 3 . However, these two live load cases are not considered simultaneously.
The live load acting on internal cell covers (hatches) shall be the greater of the uniform live load or the weight of two additional cell covers.
Crane and hoist loads [lO] shall be considered in the design as live loads. Vertical crane and hoist loads shall be increased by 25*A for impact. The total side thrust shall be distributed with due regard for the lateral stiffhess of the structures supporting the rails and shall be the greatest of s 40'% of the lifted loa" 20% of the combined weight of the lifted load, trolley and other lifting devices, i.e. spreader beam, hook block, rotating mechanism etc.; or " 10% of the combined total weight of the lifted load and the crane weight.
The tractive force shall be 20'-XO of the maximum load on driving wheels. The side thrust and the tractive forces shall not be considered with Earthquake loads (E), or Tornado loads (Wt).
All of the mobile equipment weight shall be considered to act concurrently with seismic loads. Lifted crane loads shall not be considered to act concurrently with seismic loads. A floor live load of 50 psf and the mobile equipment in Table 3 shall be considered to act concurrently with seismic loads. This live load accounts for personnel, partitions and miscellaneous equipment not listed in 
Hydrostatic Loads (F)
The design water table for the building is at elevation 260 feet [1 1]. Hydrostatic loads shall be considered on elements below this elevation. The sump inside the building, which collects contaminated water, shall be designed for internal hydrostatic loads.
Rain Load (R)
The roof has positive drainage, which precludes the accumulation of rainwater. Thus, rain loads are enveloped by live loads and are not considered explicitly.
Flood (FT
he RHB lies outside of the PC-3 flood plane (10,000 year return period) [15] . Thus, floods are not considered k-ithe design of the RHB. 
Snow Load (S)
The ground snow load for SRS given in ASCE 7-95 [3] is 5 psf. Even with an importance factor of 1.2, the snow loads are enveloped by roof live loads and are not considered.
Earth Pressure Load (H)
Lateral earth pressure on walls shall be computed using the coefficient of lateral earth pressure at-rest. The effects of consolidation on the lateral soil pressure shall be included. The effects of loads from adjacent structures shall also be included.
Heave and Static Settlement (TA
Geotechnical investigations [1 1] have determined that the soil under the RHB could heave up to 2 inches during excavation. Since the weight of the RHB is sirniiar to the excavated soil, the soil will recompress during construction.
An additional 1/2 inch of secondary consolidation is expected. Differential settlements are taken as 1/2 of the total settlement.
Earthquake Load (E)
Both inertial earthquake loads and seismically induced differential settlement are considered.
Inertial loads
The TEF PC-3 free field surface design response spectra, defined by SRS 01060, is given in Table 4 and shown in Figure 3 . This spectra has been reviewed and accepted for the TEF site by SRS Site Geotechnical Services [11] . At 5°/0 damping, the peak flee field acceleration, velocity and displacement are 0.375g, 17 inchkec and 7.7 inches, respectively. The vertical spectra shall be two thirds of the horizontal spectra. The TEF PC3 design input spectr~corresponding to 5 percent damping shall be used to develop independent orthogonal time histories. The motion duration characteristics summarized in Table 5 shall be used to produce random phased artificial ground time history motions. This earthquake duration correspond to a Mw = 7 to 7.5 earthquake as given in the 1997 Draft of ASCE 4 [17]. loading combinations specified in Section 5.0. Earthquake loads on mechanical systems and components shall be increased by twenty percent either through amplification of in-.s&ucture response spectra or in-structure time histories. ASCE 4-86 shall be used to develop the lateral seismic loads on embedded walls. The seismic demand fi-om earth pressure against concrete walls shall be added to the static soil pressure demands. 4.9.2. Post Seismic Differential Settlement (Ta) Liquefaction and the subsidence of soft zones during a seismic event can cause localized settlement below the base of RHB. Geotechnical investigations [1 1] have identified a 40' diameter soft zone at a depth of 143' under the RHB and, through analysis, have determined that soft zone subsidence could result in a settlement of up to one inch.
Liquefaction analyses [11] indicate 1/2" to 1" of dynamic settlement under the RHB. However, liquefaction analyses of the TEF site indicate dynamic settlements ranging up to 3" at a location north of the RHB. SRS Site Geotechnical Services has recommend that the differential settlement due to liquefaction be applied to the remote handling building over the width of the basemat (70 feet).
Consistent with the requirements of SRS 01060, post seismic differential settlements are also increased by 20°/0.
The post seismic internal differential settlement shall not be considered to occur concurrently with seismic inertial loads as defined above.
4.10.
Wind & Tornado Load ( W & WL
oads from wind and tornado shall be calculated as per ASCE 7-95 [3] using the guidance of DOE-STD-1O2O [1] . The wind and tornado characteristic in Table 6 , which are based on SRS 01060, shall be used. Per DOE-STD-1 020 [1], Exposure Category C and an Importance Factor of 1.0 are used along with ASCE 7 [3] to calculate the wind and tornado forces acting on me building. The average monthly high temperature at SRS is less than 95 "F, while the average monthly low temperature is above 35 "F. Experience at SRS has shown that heavy reinforced concrete structures, like the RHB, perform well in this temperature range. Based on this experience, the RHB will not be evaluated for environmental thermal loads. 
O~erational Thermal Loads
The surface concrete temperature in the fimace area will be less than 150°F. Thermal loads due to the furnace will not be evaluated fiu-ther.
The peak concrete temperature at steam line and wall /slab penetrations will be less than 200 'F as allowed by ACI 349 [5] .
Embedment plates in concrete walls and slabs will be sized to include assumed thermal expansion loads generated by piping arid equipment. The piping and equipment will then be designed with sufficient ffexibility such that the assumed thermal expansion loads are not exceeded. The effects of thermal expansion forces from piping and equipment acting on the RHB structure are not significant and will not be evaluated further. Dead and live loads can reduce the effects of seismic or wind induced overturning. Likewise, dead and live loads can reduce the effects of wind induced uplift on roofs. These effects are considered on speeific elements by reducing the dead load by 10% and neglecting the live load when applicable.
Concrete -Strength Design (SD)
For heavy concrete structures, like the RHB, gravity load combinations and seismic load combinations control the design. Thus, load combinations 1 and 2 shall be considered for the heavy RHB concrete structure. 
Loading combination 4 is given in DOE-STD-1O2Ofor tornado winds'~~.
For light PC-2 secondary steel elements, loading combinations 5 and 6 shall be considered. In elements where the effects of seismic or wind loads are reduced by dead load, the dead load factor shall be equal to 0.9. The beneficial effects of live load shall be neglected in elements where the effects of seismic or wind loads are reduced by live load. Whd is the controlling lateral load combination on light low-rise steel structures while seismic is the controlling lateral load combination on heavy low-rise steel structures. In the RHB, the structure supporting the heavy crane is designed to PC-3 loads while the light secondary structural elements and cladding are designed to PC-2 loads. Seismic will not control the design of the secondary structural elements and cladding. The following PC-2 seismic load combination is given for information only.
7. U = 1.2D + 0.5L + 1.2EPC-2 6.1.1. Bearin~Pressure Remote Handling Building (RHB) is a compensated structure, i.e.; the weight of the building is approximately equal to the weight of the excavated soil and the net load on the subsurface foundation soil is near zero.
Lateral Soil Pressure
Lateral soil pressure coefficients for at-rest, active and passive pressures are summarized in Table 8 . An embedded wall has to move laterally between 0.5°/0 to 1YOof the walls height [19] to develop active soil pressure against the retaining wall. The RHB embedded walls are designed for lateral displacements less than 0.5Y0, thus, the at-rest soil pressure shall be used to develop lateral load acting on an embedded wall.
Lateral soil loads due to compaction, in excess of the at-rest soil pressure, are developed using Duncan's method and are shown in Table 6 and Figure 4 [20]. These soil pressures are based on compaction with a 7' wide -60 kip roller compactor using 6" lifts. The total pressure acting on the wall after compaction is the sum of the at-rest soil pressure and the incremental lateral soil pressure due to compaction as shown in Figure 4 .
A uniform soil density of 125 pcf shall be used to determine lateral soil pressures. 
Eref where GmX is the low strain shear modulus, which is calculated from the shear wave velocity, e is the soil shear strain, and S,.f is the reference strain given in Table 9. . Damping values at different strain levels are given in Table 10 . Soil at the TEF facility is consistent with URC soil profile type S~. 
Reinforced Concrete
The nominal concrete strength is 4000 psi with an elastic modulus of Ec = 57000@ = 3600 ksi = 520,000 ksf. Poisson's ratio for concrete is 0.20 and the shear modulus is Gc = 217,000 ksf.
Reinforcing Steel shall be either ASTM A615 Grade 60 or A706. A706 reinforcing steel shall be used at locations where rebar welding is anticipated. Welding of reinforcing steel shall be in accordance with the Structural Welding CodeReinforcing Steel, AWS D 1.4 [9] . Reinforcing properties are summarized in Table 10 . The elastic modulus of reinforcing steel is 29,000 ksi. Damping for lightly loaded reinforced concrete structures shall be taken at 4?40 critical, while damping for moderately and heavily loaded structures shall be taken as 7% and 10% critical respectively. Lightly loaded structures have a demand (Fp=l) less than 50% of the capacity while moderately loaded structures have a demand (Fp=l) less than the capacity. The structural loads maybe established using 10% damping [1] . However, the appropriate damping level shall be used to develop instructure response spectra.
Structural Steel
ASTM A572 Grade 50 structural steel shall be used with a minimum yield of 50 ksi and a minimum ultimate strength of 65 ksi. Welding of structural steel shall be performed in accordance to AWS D1. 1 [16] , using E-70XX electrodes. Bolted structural joints shall use ASTM A325 Bolts, while either A307 or ASTM A193 B7 anchor bolts shall be used. 
ANALYSIS PROCEDURES
The building structure shall be evaluated for component forces due to loads specified in Section 4, load combinations specified in Section 5, and the material properties specified in Section 6. The demands calculated following the procedures in this section are compared to the capacities calculated in accordance with Section 8.
The criteria allow the use of classical solutions based on a linear elastic analysis, yield line analysis and finite element analysis as appropriate to determine the structural demand. Finite element models shall be of sufficient detail to capture the predominant structural responses. ASCE 4-86 "Seismic Analysis of Safety Related Nuclear Structures" [6] will be used for modeling guidance.
Operating Loads
The building analysis for'operating loads is intended to provide bounding element forces and deflections for member design. Simple beam strips and two dimensional frames shall be used to quantify member forces and deformations. The basemat may be analyzed using either beam strips or as a two dimensional plate. Two way plates, which are idealized as beams for the purposes of analysis, shall be reinforced in the second direction.
Lateral earth pressure for soil shall be based on the at-rest soil pressure and include the incremental lateral soil pressure due to compaction. Uniform surcharge loads shall be added to the weight of the soil column. Lateral soil pressure from adj scent concentrated surface loads shall be taken as twice the lateral load from Boussinesq solution for a linear elastic half space.
The building will not be evaluated for the effects of heave since the soil will recompress during construction. It is acknowledged that the heave and recompression process may lock stresses into the building during construction. However, the effect of these stresses on the building's ultimate strength will be negligible since the building will be detailed to behave in a ductile manner.
Heave, recompression and settlement can damage Systems, Structures and Components (SSC) that span between adjacent buildings. These effects will be addressed by monitoring the building settlement during construction and installing these SSC after the rate of settlement reach a tolerable level.
Seismic Inertial Loading
Seismic inertial loads shall be evaluated by dynamic analysis incorporating SoilStructure-interaction (SS1) effects. 
Seismic Immt
Free Field Res~onse SDectra Free field acceleration response spectra is the seismic input specified in Section 4. The 2-7% damped spectrum shape shall be used as seismic input for both horizontal and vertical seismic analyses.
Time Histories
Acceleration time histories will be developed for the seismic analysis and will be specified in the free field. The time history shall envelop its corresponding target spectrum in accordance with the following criteria for each spectral darnping value of interest. Time histories for use in orthogonal directions, shall be statistically independent with a cross correlation coefficient less than 0.30 [6] .
The time interval, At, between acceleration data points shall be less than or equal to 0.01 seconds or 1/(1 O f-) seconds, where f~2Xis the highest frequency of interest. The time histories developed shall be baseline corrected prior to their use in SS1 analyses.
The criteria for enveloping the input spectra are as follows: 1.
2.
3.
5.
The frequency increments will be determined consistent with ASCE 4-86 criteria. The spectra computed from the time histories shall not dip below the target spectra at more than five computed frequencies by more than ten percent. The time interval for the input time histories will be chosen to retain the cut-off frequency, but not greater than 0.01 second. The duration of the ground motion is given in Table 6 . A quiet zone of trailing zeros will be appended to the time histories for the frequency domain SS1 analysis, which uses fwt Fourier transforms.
Horizontal Spatiai VariationofFree Field Motion
Horizontal spatial variations of ground motion result fi-om nonvertically propagating waves and incoherence of the input motion. This is a result of rellaction and reflections as the earthquake wave passes through the underlying heterogeneous geological material. These phenomena are generally taken into consideration for very large structures, such as long multiple span bridges [21 ] , and are not considered in this criteria.
Dynamic Soil Modeling
Best Estimate Soil Properties
The site will be modeled as a series of infinite visco-elastic horizontal layers over a semi-infinite visco-elastic half-space. The soil properties required for a dynamic analysis are shear modulus or shear wave velocity, Poisson's ratio, unit weight, and material damping. The average low strain soil column in Figure 5 represents the best estimate of the soil properties.
Variation in Soil Shear Modulus
Three soil profiles will be considered to account for variations in the shear modulus of soil: best estimate, upper bound, and lower bound. This variation will be determined by multiplying the best estimate shear modulus values by (1+Cv) to obtain the upper bound, and dividing the best estimate shear modulus values by (1+Cv) to obtain the lower bound. The coefficient of variation, Cv, of the soil column in Figure 5 ranges between 0.067 and 0.216 while ASCE 4-86 requires a minimum Cv of 0.5. This analysis follows the guidance of ASCE 4-86.
StrainDeuendencv of Soil Properties
The variation of the soil modulus and hysteretic damping with shear strain will be considered using the site-specific material properties in Section 6.
Deconvolution
The main response of the system are caused by the vertically propagation of body waves from an under-laying rock formation. The SHAKE computer program [23] will be used to obtain shear modulus and damping values compatible with the effective strains in the layered soil system for the vertical propagation of body waves. The following criteria shall be followed for this analysis: q The control motions specified at the free surface shall be the horizontal motions developed above and are assumed to be vertically propagating, horizontal shear waves.
q The elastic half space will be placed far enough below the foundation level such that the seismic response of the structure is not significantly affected. The half space may be placed at a depth equal to the length of the structure below the base mat. The soil layer thickness shall be determined to ensure fi-equency transmitting characteristics up to the analysis cut-off frequency (f~. Layer thickness will not significantly exceed Vs/(5 f~J, where Vs is the lowest shear wave velocity of the layer, reached during iterations, for the soil condition considered in the analysis.
Structural Propertie$
The overall mass and stiffiess properties of the building and hence the primary dynamic behavior, shall be represented in the SS1 models. The reduction of stiffness due to concrete cracking shall be considered if significant.
The effects of uncertainties in the stiffness properties of the structure and soil will be obtained from the largest computed response considering the following cases: 1. Best estimate structural model and best estimate soil properties. 
SS1 Analysis
The important SS1 effects in the RHB to be considered in the SS1 evaluation are: . The shift in structural frequency due to soil stiftiess; . The relative motion between the RHB and the Tritium Processing Building; and, . The effects of building embedment on both soil stiffbess and input motion. . Coupling of north-south and east-west lateral motions in the building due to unsymmetrical mass and stiffhess along with the effects of rocking on both lateral and vertical loads.
SAW
The soil structure interaction analysis will be performed with SASSI [12] and verified by lumped parameter spring analyses.
The dynamic models used in SASSI analyses consist of three parts: a free field model, a model of the excavated soil and a model of the building.
Free Field Model
The fi-ee field model represents the semi-infinite soil layers used in the deconvolution analysis. For horizontal seismic analyses, the soil layering and high strain soil properties shall be those specified in the deconvolution analyses. For seismic analyses for vertical motion (compression waves) the constrained modulus shall be used.
Poisson's ratio for soil both above and below the water table is given in Section 6. Below the water table, use the smaller of the Poisson's ratio in Section 6 or the Poisson's ratio that corresponds to P-wave velocities of 5000 @s.
Excavated Soil Model
The excavated soil is modeled using solid elements with nodes located at the layer interfaces of the free field model. Unless justified, the spacing between these nodes will not exceed Vs/(5 fro). The dynamic properties of the solid elements of the excavated soil model will be identical to those described for the free field model. The excavated soil model is connected to the structural model only at the nodes located at the soil-structure boundaries. BuildingModel A simple stick model will be used to couple the lateral response in the north-south and east-west directions. Dynamic models for the building shall be developed to reflect the predominant structural response and to capture the seismic response parameters of primary interest. Nonsymmetric geometry and mass distributions shall be considered in sufficient detail.
Vertical response will be determined using a one dimensional stick model with slabs represented by a spring-dashpot system. If significant, the vertical component of rocking from the lateral load analysis wiIl be added to the vertical ground motion.
Soil-Structure Interaction Model
The SS1 model is a combination of the structural model, the iiee field model, and the excavated soil model. The mass of supported equipment shall be included and maybe lumped directly to the structure when the dynamic coupling requirements of ASCE 4-86 are satisfied.
The control motion is specified as the free field motion and is input at the surface.
.
For seismic loading where time history analysis is perfoxmed, an individual demand shall be obtained from the dynamic analyses of three statistically independent earthquake inputs, one vertical and two mutually perpendicular horizontals.
The time history in any component direction shall be the algebraic sum of the components of three time histories (one vertical and two mutually perpendicular horizontal) in that direction.
The seismic demand in any direction shall be the envelope of the demands for the three soil conditions, e.g., LB, BE and UB. The change of si~if applicable, shall be considered.
ValidationqfS tructuralResponse
The dynamic soil stiffiess, acceleration of the superstructure and structural demands calculated using SASSI shall be verified with a lumped parameter spring solution.
Fixed Base Check
The SS1 structural response will be checked by a fixed base analysis using the free field ground motion. The structure shall be designed to the larger of the fixed base, or SS1 analysis forces. In-structure response spectra shall be based on the SS1 analysis as discussed below. 
Structure-Soil-StructureInteraction
Structure-soil-structure interaction is the dynamic response coupling of adjacent structures through the soil. The effect of interacting structures shall be considered.
The largest potential for structure-soil-structure interaction exists between the R.KB and the processing building. Of the two structures the RHB is by fiw the heavier and may tend to drive the lighter processing building. Since the mass and stifl%ess of the processing building are relatively small, structure-soil-structure interaction will neglect the mass and stiffness of the processing building. The amplification of the flee field ground motion in the region occupied by the processing building will be determined by calculating the surface response adjacent to the RHB in the RHB SASSI analysis. This modified surface motion will be used in the design of the processing building if it is larger than the fi-ee field ground motion.
7.2.5. Combination of Seismic Loads The effect of seismic loads from different components of ground motion shall be combined at each time step. Alternately, the maximum loads maybe combined with the 100'XO, 40Y0, 40V0 rule from ASCE 4-86.
In-StructureResponseSpectra
Most, if not all, of the equipment in the RHB has a small mass relative to the supporting structure and will have negligible interaction on the support structure and will need to be included only in the structural mass. For such equipment or subsystems meeting the decoupling requirements of ASCE 4-86 a separate analysis, outside the scope of this criteria, will be perfoxmed using the design response spectra or time history excitations at the equipment support locations derived from the SS1 analysis of the supporting structure.
DT he three components of the earthquake motion will be considered when developing the response spectra. An individual response spectrum shall be obtained from the dynamic analyses of three statistically independent earthquake inputs, one vertical and two mutually perpendicular horizontal motions. Each direction response time history shall be the algebraic sum of the responses in that direction fi-om the results of the three response time histories. The resultant response acceleration time history is used to generate the response spectra for that direction, for the soil condition for which the three analyses were performed. Three response spectra shall be obtained for the three soil conditions, namely the lower bound, best estimate and upper bound. A single response spectra for that direction shall be obtained by enveloping the three spectra and smoothing and broadening.
Dampinp Requirement
The response spectra will be generated for damping ratios of 2Y0,4'XO, 5% 7?40and 10'XO. If the damping value of a subsystem lies between these damping values, then linear interpolatio~in accordance with ASCE 4-86, can be used to determine the intermediate value.
$moothinp Resvonse SDectra and Broadening
To account for uncertainties in the structural frequencies owing to uncertainties in such parameters as the material properties of the structure and soil, damping values, soil structure interaction techniques and the approximations in the modeling techniques used in the seismic analysis, each computed floor response spectra from the floor time history motions will be smoothed, and the peaks associated with each of the structural frequencies broadened 0.15 f on either side of the fi-equency, where, G corresponds to the frequency of the structural peak. In conjunction with response-spectra broadening, the peak amplitude shall be reduced by 15°/0 [6].
Post Seismic Differential Settlement
Post seismic differential settlement shall be evaluated by pseudo-static analysis.
Soft zone subsidence can result in localized settlement regions (LSR) under the basemat. Geotechnical investigations have determined that the LSR is about 40' in diameter [11] . To provide for a robust design of the RHB, (1)&e size of the LSR shall be postulated to have a diameter equal to the RHB building width; and (2) the LSR shall be postulated to occur at any location under the RHB basemat.
Liquefaction can also result in differential settlement under the basemat. SRS Site Geotechnical Services has recommend that the differential settlement due to liquefmtion be applied to the remote handling building over the width of the basemat (70 feet). The location of the liquefaction differential settlement profile is postulated to occur at any location, under the basemat and is independent of the location of soft zone subsidence. To enhance the robustness of the RHB, the maximum differential settlement across the TEF site is assumed to occur under the base of the RHB. Given that the maximum liquefaction settlement in the TEF site is 3 inches and the range of liquefaction settlement under RHB is ?4" to l", then the TEF RHB design differential settlement is taken as 21/2".
The basemat shall be sized to span over both the LSR and the liquefaction differential settlement profile. Vertical soil forces acting upward on the basemat shall be determined by neglecting the flexibility of the basemat. Rigid body rotation of the building and the soil subgrade modulus maybe used to redistribute soil forces. The basemat maybe analyzed either as part of a unit-width beam stip or as a~o-way plate which carries the floor loads and spans over settled region(s). Reinforced concrete walls may be used to stiffen the basemat.
Impact Loads
Impact loads acting orI structures shall be evaluated in accordance with the guidance of ASCE A-58 [24] . Both global collapse and local effects shall be considered separately. The local effects analysis shall address spalling, scabbing and penetration.
DOE -STD-102O [1] recommends the following Tornado missile Barriers for PC3 structures, shown in Table 11 . Barriers larger than those shown in Table 11 , need not be analyzed for Tornado missiles. Single width brick veneer attached to stud wall with metal ties 4 in concrete slab with #3 rebar @ 6 in on center each way in middle of slab 4 in concrete slab with #3 rebar @ 6 in on center each way in middle of slab 12in CMU wall with #4 rebar in each vertical cell and grouted; #4 rebar horizontal @ 8 in on center Nominal 12 in wall consisting of 8 in CMU with #4 rebar in each vertical cell and grouted; #4 rebar horizontal @ 8 in on centeq single wythe brick masonry on outside face; horizontal ties@ 16 in on center. 9.5 in reinforced brick cavity wall with #4 rebar @ 8 in on center each way in the cavity; cavity filled with 2500 psi concrete; horizontal ties@ 16 in on center 8 in concrete slab with #4 rebar @ 8 in on center each way placed 1.5 in from each face 6 in concrete slab with #4 rebar @ 12 in on center each way 1.5 in from inside face The demand on a structural concrete element is the maximum force or displacement, resulting fi-om the analyses specified in, section 7.0 and from load combinations defined in section 5.0. If the demands on a structure are less than its corresponding capacity, for all applicable load combinations, then the structure shall be considered acceptable.
Reinforced Concrete
The requirements of ACI 349 [4] are generally basedonACI318
[3] and typically lag several years behind ACI318 criteria. Thus, the more current ACI318 criteria are chosen for the design of the RHB. However, ACI 349 has explicit limits on operating temperature, minimum reinforcement, design guidance for embedment and anchorage, and more restrictive displacement criteria than ACI 318. These criteria are adopted fi-om ACI 349 for use in the RHB design.
The design of reifiorced concrete structural elements, including their capacity calculations shall be in accordance with the provisions of ACI 318-99 [4] except as listed below.
. The minimum reinforcing requirements of ACI 349 Section 7.12 shall replace the shrinkage and temperature reinforcement requirements of ACI 318 Section 7.12. 
Discussion
